Abstract. The holy grail of tracking people indoors is being able to locate them when they are not carrying any wireless tracking devices. The aim is to be able to track people just through their physical body interfering with a standard wireless network that would be in most peo- 
Introduction
Indoor location estimation is a crucial component in many applications. Location estimation is important for many scenarios such as asset tracking, health care, location based network access, games, manufacturing, government, logistics, industry, shopping, security, tour guides, and conference guides. Various localisation systems that can estimate the position of a person or object exist. One can select the system which offers the accuracy and precision required for a specific application. Ultra-wideband (UWB) is one of the first techniques used to deploy passive localisation systems [1] . Throughthe-wall surveillance or through-wall imaging (TWI) are used to denote UWB passive systems [2, 3] . This technique has been recently used for both static and motion detection. UWB passive localisation is considered to be an extension to a technique called "radio tomographic imaging" due to its similarity to the medical tomographic imaging. Through-wall imaging refers to the ability of detecting and monitoring objects or people through buildings walls. This can be very useful to law enforcement agencies and can have many applications in military and civil scenarios [4] . UWB has the advantage of being able to penetrate walls. Various implementations of UWB technique have been proposed. A UWB system has the following two main components: transmitters and receivers. Short pulses are sent by a pulse generator via a horn antenna [5] . The receivers wait and monitor echoes from various objects or people.
TileTrack represents a low cost two-dimensional location estimation system based on physical contact [6] .
Changes in the capacitance between transmitting and receiving electrodes (plate electrodes or wire electrodes) are monitored. The system is based on 9 floor tiles with one transmitting electrode for each tile. Each tile is 60 cm by 60 cm square-shaped made from thick chip-board with thin steel coating. The prototype used to deploy the TileTrack technique has a square tracking area with a size of 3 × 3 tiles.
AirBus estimates location based on indoors airflow disruption caused by human movement [7] . An air pressure 
Suport Vector Machine (SVM) Classification
SVM is a supervised learning method for data analysis, pattern recognition, classification and regression analysis. SVM uses training vectors, pairs of inputs-outputs, to build a model that is used afterwards to predict classes that new data belongs to. For our tests we used two Matlab functions svmtrain and svmclassify defined by:
Training and Targets represent the input-output pairs used for training. Name-Value pair specify optional arguments. svmclassify uses the obtained model to classify new data. One can find more details about SVM classification in Matlab including all the optional parameters in [16] . We tested various kernel functions as follows:
where 'kernel_functions' is an optional argument and class A is considered as:
where, P A is the priori probability of instances of patterns in class A, C A is the cost associated with classifying vectors and f A (x ) is the PDF of class A.
The PDF is estimated in a Probability Neural Network by the equation:
where x Ai represents i th training pattern from class A, n is the dimension of input vectors and σ is the smoothing parameter (standard deviations of Gaussian distribution)
Considering the previous problem where we try to assign an input vector to one of two classes, A or B, the architecture of the PNN is showed in Fig. 1 .
Thus PNN can be used for classification of patterns.
The structure in Fig. 1 is an example of probabilistic neural networks that can be used to classify inputs such as 
Evaluation
This section presents the experiment we conducted in order to detect motion in a DfPL scenario. First, the test bed shown in Fig. 2 will be described and then Support
Vector Machine classifier will be used to analyse/classify motion. Finally, we compare the classification errors for various kernel functions in Tab. 1.
The project focuses on deploying a DfPL system on top of a Wireless Sensor Network (WSN). The first step towards implementing such a system is filtering data using a selected smoothing algorithm, SavitzkyGolay smoothing filter in this case. The filtered data is fed to a SVM classifier in order to detect movement. The next step is using classified data, timestamps and links affected as parameters in a decision making algorithm that will compute a person's location or return the number of people detected.
The project aims towards multi-occupancy detection in a DfPL scenario.
We have collected the data in a room of size 3.6m by In the case of four nodes, considering that we collect data from 12 links, we experienced delays in the collection speed. However the delays were not large enough to affect our tests. For larger test beds, multiple collection threads or more than one base station will improve the collection speed.
We have selected one bidirectional link between nodes A and B as shown in Fig. 2 . Both links are considered to be independent. Fig. 3 shows the raw data collected from the selected links. We do not use data collected from all 12 links as the scope of the paper is to classify motion on two selected links (bidirectional communication between nodes A and B). SVM classification will perform in a similar manner on any selected link.
Both data sets are smoothed in order to filter noise.
The derivative of the signal is used to normalise the data. Due to the limited space available, targets and predicted class for other kernel functions will not be added. Fig. 6 represents an example of SVM classification. As one may notice the data is classified into two classes: 'No motion' (value 1) and 'Motion' (value 2). 
Conclusion
In this paper we presented Support Vector Machine and 
